We study the location of the inventive activity of 59 major European food and beverage multinationals and their 8,432 subsidiaries worldwide, by analysing the geographical distribution of the inventors listed in the EPO applications, USPTO patents and triadic, international and PCT patent families the companies filed between 1978 and the early 2000s. The sampled companies tend to locate their R&D activities in the home country. EU-based companies, more specifically, deploy an intra-regional strategy in EU countries, especially with regard to the inventions most closely related to their core businesses (food), for which, however, they do not display a home-country preference. Inventions related to non-core business tend to be produced in extra-regional locations.
-Introduction
Multinational enterprises (MNEs) innovate abroad to adapt their products to host country tastes, absorb new knowledge from world centres of excellence or benefit from low-cost, goodquality local R&D (Blanc and Sierra 1999; Dunning and Lundan 2009) . Despite the internationalisation of R&D activities having become increasingly common (UNCTAD 2005) , most sectoral analyses are still confined to high-tech sectors (Fernández-Ribas and Shapira 2009; Tijssen 2009 ).
Since MNEs differ in their propensity to engage in R&D activities abroad, depending on the sector in which they operate (Cantwell and Janne 2000; Patel and Pavitt 1991) , studies of mature sectors, such as food and beverages, are also required. Apparently, food and beverage multinationals (hereafter F&B MNEs) are especially inclined to undertake their R&D activities abroad (Alfranca et al. 2005; Cantwell and Janne 2000) , probably because of the need to adapt their products to different national tastes and food safety regulations. This is of policy interest to home countries and supra national regions. The relocation of indigenous firms' R&D centres may restrict technological opportunities in the domestic market (Archibugi and Iammarino 1999) and involve a loss of technological capabilities for the home country or, at least, signal that it is insufficiently attractive to innovative MNEs (Sachwald 2005) .
According to data from the Confederation of Food and Drink Industries (CIAA), food and drinks is the largest manufacturing industry in the EU, ahead of automobiles or chemicals. It accounted for 13.4% of manufacturing turnover and was the leading employer in the region. The EU is also a leading exporter of food and drink products. European MNEs are important providers of new technology for the food and drink sector and auxiliary industries (Christensen, Rama and von Tunzelmann 1996) . However, the location of the R&D activities of European F&B MNEs is insufficiently understood. European F&B MNEs seem to patent a substantial proportion of their innovations outside Europe, notably in the USA (Cantwell and Janne 2000) . Actually, the globalisation of corporate R&D in this sector has been a cause for concern in European countries which depend heavily on agro-industrial production and exports (Bijman et al. 1997) . The globalisation of corporate R&D has raised fears that companies could massively relocate their laboratories in foreign countries. This would signal that the National System of Innovation (NSI) has failed to provide the technological support needed by firms (Bijman et al. 1997; Sachwald 2005 ).
Most studies on this sector have concentrated on patents granted by the US Patent and Trademark Office (USPTO), especially in the 1980s and 1990s. To date, no comparative temporal analysis has been performed of inventions produced inside and outside the EU, and inside and outside EU companies' home countries, by combining different patent data indicators for inventors' locations, as this study does. There is a need to complement previous research work by using contrasting sources of information. Secondly, to our knowledge, there is virtually no research work on the different types of R&D activities these companies locate at home and abroad (the EU and elsewhere). Specific analyses of corporate R&D location by technological field are needed.
Improving our understanding of these aspects will help us to discuss whether the attractiveness of European home countries is weak, and which specific technologies F&B firms eventually need to seek abroad (or in extra-EU locations, in the case of EU-based firms).
Investigating these aspects, we attempt to contribute to the formulation of more refined policies towards corporate R&D in the sector. they prefer extra-regional locations for their non-food inventions.
The following section presents a review of the relevant literature and our hypotheses.
Section 3 describes the empirical data and methodology employed, while Section 4 describes briefly the main characteristics and innovation patterns of the sampled F&B MNEs. Section 5 examines the geographical distribution of their inventive activities, and Section 6 tests whether they retain their most strategic R&D activities at home or abroad, and inside or outside the EU. Section 7 presents a discussion of the results and offers our conclusions.
-Background and hypotheses
Previous research suggests a substantial R&D internationalisation of major F&B MNEs.
However, most analyses have been based on the number of patents granted by the USPTO and often based only on the location of the first inventor listed in the patent. We attempt to verify whether the apparent importance of R&D internationalisation in such European firms is confirmed when we employ: i) multiple patent data sources instead of a single source and ii) location indicators for all the inventors listed in patents.
Some authors, defined by Archibugi and Iammarino (1999) as the "sceptics of globalisation", maintained in the 1990s that many MNEs have little interest in internationalising their R&D activities because they prefer to innovate in their home countries (Patel and Pavitt 1991; Patel and Vega 1999 It has been claimed that such companies continue to retain their most important R&D activities close to their headquarters (Cohen et al. 2009; Narula 2000) .
Our hypotheses are thus as follows: (Basberg 1987; Dernis and Khan 2004) . We agree with the latter and measure invention by both EPO applications and applications filed at different offices to protect the same inventions (patent families), but also perform comparisons with USPTO granted patents, to compare our results with previous studies.
Companies prefer to use USPTO to protect the inventions produced in the US. 54 % of the USPTO patents developed abroad by European F&B MNEs have a US inventor; 94% if we focus on EU based F&B MNEs (47% and 86% without Unilever, respectively). When academics analyse only this source of information, results tend to overemphasise the R&D internationalisation of European firms.
From among the variety of patent family definitions (OECD 2009; Martínez 2011), we have chosen, firstly, triadic patent families (priority-related patents filed in the three major patent offices, namely the EPO, USPTO and the Japan Patent Office (JPO)); secondly, international patent families (priority-related patents filed in at least two different patent offices); and thirdly, PCT patent families (priority-related patents that involve at least one PCT application). Inclusion within a triadic patent family has been shown to be an indicator of high patent value (Dernis, Guellec and van Pottelsberghe 2001) . The other two types of families are more inclusive and aim to capture lower-value patents for which applicants nevertheless seek some sort of international protection.
Patents may list inventors located in different countries. We consider that the invention was produced "abroad" when all the inventors listed in the application are located in countries different from the MNE's home-country, and "at home" when at least one inventor is located in the home country. The definition chosen here is conservative with respect to the definition of inventions produced "abroad", although it should be noted that 82% of EPO applications and 87% of US patents in our sample are produced by inventors located in a single country. Likewise, we define inventions produced inside the EU as those having at least one inventor located within the EU, and inventions produced outside the EU as those having no inventor located inside the EU. For the latter we take into account changes in the composition of the EU over the years, by taking EU-15 for the period 1978-1994 and EU-27 for 1995 onwards. We consider inventions produced in the countries which accessed the EU in the 1980s and 1990s throughout the first period (and not merely from their accession) to be EU-15 inventions, as F&B MNEs entered these markets or expanded their existing business well in advance of the EU enlargement (Anastassopoulos et al. 1997) . We follow the same approach for the ten new member countries that joined the EU in the mid-2000 (Chobanova 2009 we study the association of categorical variables. Non-food applications accounted for 64% of total EPO applications and 75% of USPTO grants. These results are coherent with previous studies which note the substantial share of nonfood innovation produced by the world's largest F&B MNEs (Alfranca et al. 2003; von Tunzelmann 1998) . F&B MNEs innovate in non-food fields for two main reasons: firstly, some of them are conglomerates which also produce non-food items (e.g. Unilever); secondly, and more importantly, F&B MNEs need to acquire expertise in the upstream technology used for food production. Since approaches to food quality and safety are becoming increasingly multidisciplinary (Christensen, Rama and von Tunzelmann 1996) , non-food-based innovation may well help F&B companies to interact better with their suppliers of technology. Consequently, even companies dedicated exclusively to food production devote part of their innovative efforts to non-food innovation (Alfranca, Rama and von Tunzelmann 2003) .
-European F&B MNEs and innovation

-Home or next door?
We test whether the sampled European MNEs prefer to invent in their home country (H1);
and secondly, more specifically, if EU MNEs show a preference for the EU (H2).
The share of patents or applications generated abroad (excluding Unilever due to its bi- When we focus more specifically on EU-based F&B MNEs (also excluding Unilever), all five patent indicators show a preference for the home country, with only 38% of US patents produced abroad (32% of EPO applications, 34% of triadic, 32% of international and 36% of PCT families). The Wilcoxon signed-rank tests are all statistically significant and Z displays negative signs. Differences between the European sample and the EU subsample reflect the influence of Nestlé in the results, as it produces 52% of its US patents outside Switzerland. The statistical tests show that EU-based companies produce most of their inventions in the home-country.
Our results suggest that studies which focus solely on USPTO data may exaggerate the importance of the internationalisation of R&D in the European F&B sector, not only simply because they rely on a single indicator, but also because by doing so they are not taking into account the influence of the composition of the sample when some firms, especially the largest patentees, may behave differently depending on the indicator used (Table 3 ). *** Table 3***
We test now whether the 56 EU-based F&B MNEs in our sample tend to produce their inventions in the EU (home country included) or in extra-EU locations; this time Unilever is not eliminated from the sample as both its parent companies are based in the EU.
We observe a preference for EU countries, although again, the choice of intra-regional locations is accentuated in EPO applications and patent families. EU based F&B MNEs produce only 18% of EPO applications and triadic families, 13% of international families, 11% of PCT families outside the EU, compared to 38% of US patents. The Wilcoxon signed-rank tests display statistically significant results and confirms the companies' preference for intra-EU locations with regard to all types of patents. Z always displays negative signs, indicating that the number of patents or applications generated outside the EU is below the number of patents or applications generated within the EU (EPO Z = -18.364, p-value = 0.000, N = 531; USPTO Z = -9.449, p-value = 0.000, N = 324; Triadic families Z = -11.044, p-value = 0.000, N =219; international families Z= -16.465, p-value = 0.000, N = 414; PCT families Z = -12.462, p-value = 0.000, N = 243) .
Interestingly, when Unilever is excluded, we find that only 20% of US patents are produced outside the EU, instead of 38%.
According to our data, more than 85% of EU-based F&B MNEs have a regional innovation strategy as they generate at least 50% of their patents within the EU. Even the most important patentees follow such a strategy (for a description of regional strategies in this industry see Fillippaios and Rama 2008) . With the exception of Unilever, the top EU-based patentees have all located more than 60% of their inventions within the EU (Table 4 ).
*** Table 4 ***
-The location of strategic innovation
As stated, non-food inventions account for most of the patentable inventions of the sampled companies. Their share of total EPO applications tended to fall from 67% to 63% from 1978-1990 to 1991-2005 . In contrast, their share of US patents increased, from 64% in 1978-1990 to 79% in 1990-2001 . The most dynamic field is pharma-biotechnology (from 29% of non-food patents granted to the sampled companies in 1978-1990 to 63% in 1991-2001 , and from 31% of their EPO non-food applications in 1978-1990 to 36% in 1990-2005) .
We test if EU based F&B MNES locate their most strategic innovative activities, i.e. foodrelated inventions, in the home country (or, at least, within the EU); again, we employ the location of the inventor to proxy the location of the invention.
The nature of inventions (food and non-food) is apparently unrelated to whether inventors are located in the MNE's home country or abroad (Table 5) . χ 2 tests show inconclusive results owing to discrepancies between the data sources and weak Cramer's V.
We obtain quite different results when we compare intra and extra EU locations. Employing USPTO, EPO or patent family data, we find in most cases significant statistical associations between the type of invention and inventor location (Table 6 ). The association of the variables is statistically significant and Cramer's V indicates moderate relationships between them. The strength of the association tends to be reinforced from the first period to the second. Increasingly, the companies tend to produce their most strategic inventions (food-related) within the EU. According to USPTO data, 29% of the inventions produced within the EU-15 in the first period and 37% of the inventions produced within the EU-27 in the second are food-related (compared to only 9% and 13%, respectively, of those produced in extra-regional locations). In turn, EPO data show that 30% of the inventions produced within the EU-15 in the first period and 37% of the inventions achieved within the EU-27 in the second period are food-related (compared to only 11% and 15%, respectively, of those produced in extra-regional locations).
To summarise, EU F&B MNEs tend to retain their food-related R&D activities within the EU, although they show no particular preference for home countries. Non-food inventions are principally produced in extra-regional locations. *** Tables 5 and 6 ***
-Discussion and conclusions
We have investigated where do the largest European food and beverage MNEs tend to Furthermore, while adapting products to local tastes and regulations is certainly crucial for these firms, many of the innovative activities performed abroad may actually account for minor, non patentable improvements. Secondly, EU based companies tend to locate their R&D activities mainly within the EU, especially those related to their core business (food). Our results do not support the thesis that companies retain their most strategic research in their home countries (Criscuolo et al. 2002) , although they prefer to develop it within the EU.
Even the most important EU patentees in our sample follow a regional strategy. Several reasons may help to explain this result. Similar norms (e.g. environmental norms for packaging) may have played some role. Moreover, this regional R&D strategy is in accordance with the regional strategies adopted by EU F&B MNEs concerning production and intra-firm trade (Filippaios and Rama 2008; Chevassus-Loza et al. 2005) . Results of economic integration are noticeable in the distribution of foreign affiliates of the sampled EU companies, which clearly display a preference for EU host-countries. To summarise, the industry leaders seem to perform mainly on an intra-regional basis, rather than globally. In spite of the debate on globalization strategies, managers of F&B companies may find it useful to pay special attention to regional strategies concerning R&D location. Our findings also suggest that these companies may be drawing strategic knowledge related to food production from the EU rather than solely the home country. Companies prefer to locate their technical expertise in food sciences within the EU, an option which suggests that regional sectoral systems of innovation provide their laboratories with sufficient support. It has been claimed (although not yet proven) that the new knowledge which European agro-food firms require is currently underdeveloped in Europe, as National Systems of Innovation (hereafter NSI) are unable to supply such companies with adequate information and support. NSIs may be evolving more slowly than corporate technological requirements (Narula 2000) . Our results do not support this idea, at least with regard to food related inventions.
Moreover, our data support the opinion (Van Rooij et al. 2010 ) that analyses should look beyond the NSI; in the case of EU based F&B companies, there is a need to pay attention to supra-national sources of knowledge. Since the companies concentrate most of their food-related inventions within the EU, improved intra-EU coordination of food research and of education in agriculture and food science may be useful. Such measures could help to increase the internal R&D capabilities of not only the large MNEs sampled here but also those of smaller European F&B companies still on the path towards internationalisation
We also find that EU-based F&B MNEs tend to produce their non-food innovations in extraregional locations. Non-food innovation may account for companies' incursions into technologies relatively new to them, probably best characterised as Home Based Augmenting (HBA) technological activities (Kuemmerle 1999) . Our results suggest that, at least for MNEs based in the EU, the HBA logic might apply to the regional rather than the national level; confirming the need to look beyond the NSI. Given the substantial industrial diversification of F&B MNEs (Anastassopoulos and Rama 2005) , their non-food technology requirements may involve a variety of technical fields. As it is impossible for any nation or supra-national region to excel in all technological fields, our results do not necessarily indicate a weakening of European systems of innovation. Our results suggest that when the F&B company is a substantial producer of non-food inventions, two different location strategies may be needed, one regional for food related inventions and one global for non-food. Thus, in accordance with Cantwell (1995) , F&B MNEs would tap into foreign centres of expertise and choose multiple locations for their technological activity, food and non-food, instead of, as predicted by the early product life cycle model, simply exploiting their own technological strengths.
However, from a policy perspective our results concerning non-food inventions suggest various reasons for concern. Firstly, non-food R&D activities account for the largest and most dynamic share of such companies' innovative activities. Secondly, as some authors have suggested (Alfranca et al. 2003) , European F&B MNEs may be involved, in part, in non-food R&D because they need to research important inputs required to produce food (and not necessarily because of their industrial diversification). Food production nowadays involves a broad spectrum of sciences and techniques, ranging from biotechnology to specialised software and instruments (Christensen et al 1996) . In contrast, the preference of EU F&B MNEs for foreign locations with regard to nonfood technology may point to European weaknesses in some important technical fields. A strengthening, within the EU, of non-food research specifically required for food production may be desirable, in order to attract indigenous F&B MNEs and their laboratories and to increase the competitiveness of European food and drink companies. Ho: Food and non-food inventions are equally distributed between home and abroad; N = 55. -27 (1995-2000) 23.673 (1) 0.000 0.117 (0.000) 1,731 PCT patent families filed 1978-2000 EU-15 (1978 EU-15 ( -1994 13.618 (1) 0.000 0.140 (0.000) 695 EU-27 (1995 EU-27 ( -2000 4.732 (1) 0.031 0.060 (0.030) 1,308
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